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1 IMROOUCTION 


Harrv  Diamond  Laboratories  (H(3L)  is  presently  developing  a capability  for  fast-neutron  spectrome- 
try. One  method  being  pursued  is  the  proton-recoil  technique. With  this  method,  neutrons  from  a 
nuclear  reactor  penetrate  a detector  containing  hydrogen  or  methane  gas  and  collide  with  the  protons.  The 
protons  recoil  and  create  in  the  gas  ion  pairs  that  are  collected  by  an  applied  electric  field.  The  voltage 
pulses  resulting  from  the  collected  ions  are  proportional  to  the  energy  of  the  protons.  Pulse-height  analysis 
of  the  voltage  pulses  allows  the  energy  spectrum  of  the  protons  to  be  determined.  The  proton  spectrum  is 
then  analyzed  to  provide  the  energy  spectrum  of  the  high-energy  neutrons. 

.Any  cause  of  ionization  in  the  detector  gas  other  than  the  protons  is  a source  of  noise.  In  particular, 
gamma  rays  that  accompany  the  high-energy  neutrons  also  ionize  the  gas.  Voltage  pulses  that  have  gamma 
rays  as  their  origin  must  be  separated  from  those  which  are  due  to  the  neutrons. 


2.  METHOD  OF  GAMMA-RAY  DISCRIMINATION 

Usually,  this  separation  of  pulses  is  performed  by  pulse-shape  discrimination.  Because  the  protons 
have  a greater  specific  ionization  than  Compton  electrons  that  result  from  gamma  interactions,  they  have 
shorter  path  lengths  in  the  gas.  Hence,  their  voltage  pulses  have  shorter  rise  times  than  those  due  to  the 
gamma  rays. 


Figure  1 illustrates  the  pulse-separation  technique.  Figure  1(a)  shows  the  differences  in  pulse-height 
distributions  from  neutrons  and  gamma  interactions.  In  figure  Kb),  the  separation  is  increased  for  the 
smaller  pulse  heights  by  use  of  specific  ionization  rather  than  rise  time  to  distinguish  between  the  neutron- 
and  gamma-ray-induced  pulses.  The  specific  ionization  is  obtained  by  dividing  the  rise  time  of  each 
voltage  pulse  by  its  magnitude.  The  resulting  dual-parameter  distribution  is  pictured  in  figure  2 . 


OAMMA  — 

INDUCED 

PULSES 


b 

NEUTRON  — 

^ INDUCED 
iT  PULSES 


SPECIFC  IONIZATION 


Figure  1.  Distributions  of  neutron  anti  gamma-ray  pulses  Energy  versus  rise  lime  lal  and  energv  versus  specific 
ionization  ib). 


f f Bennett  and  T ) Vu(e,  Tethniques  and  Anaitses  of  Fast  Iteai  tor  V'olron  Spei  trust  ops  svilFi  Proton  Ret  oil  Propor 
tional  Counters,  ^^nonne  N.itional  I abofalorv,  ASl  -77(1  i < 1 97 1 ) 

F Bennett,  Nu(  lear  S(  leme  EnKin<H»ring,  J.*’i  I9b7).  1 6-27, 

' Fast  Neutron  Physics,  1^7,  Ch  IIA,  Intersc  lenc  e ( 1 966) 


5 


fRSCBDINO  PAGE  BLANK-NDT  PIIMSD 



specific  IONIZATION 


FiRure  2.  Dual-parameter  d.ita  distribution 
3.  DIFFICULTIES  WITH  METHOD 

A key  element  of  the  gamma-ray  separation  technique  is  the  division  of  rise-time  pulses  bv  voltage 
pulse  height.  The  desired  division  can  be  accomplished  by  either  an  analog  or  a digital  divider.  However, 
experience  with  an  analog  divider  was  the  principal  emphasis  for  our  need  to  develop  a digital  divide 
technique.  In  order  to  perform  the  analog  division  correctiv,  the  rise-lime  and  pulse-height  signals  had  to 
enter  the  analog  voltage  divider  in  coincidence  Because  of  this  requirement,  the  analog  divider  was  very 
sensitive  to  fluctuations  in  time.  It  was  also  sensitive  to  variation  in  signal  size  or  the  presence  of  a dc  level 
in  the  input  signal.  The  elimination  of  the  divider  eliminates  these  problems  and  greatly  reduc  es  the  lime 
necessary  to  place  the  system  into  operation. 


4 METHOD  OF  SOLUTION 

The  method  developed  to  do  this  division  was  to  modifv  the  electronics  and  the*  computer  program 
which  control  data  acquisition  from  the  proton-recoil  detectors.  The  eler  Ironic  mi)dification  is  relatively 
simple  and  is  described  first.  The  modification  of  the  computer  program  and  background  information 
necessary  to  operate  the  program  and  to  interpret  the  results  are  discussed  in  liic  remainder  of  the  report. 

5.  ELECTRONIC  MODIFICATK3NS 

{ )riginally,  the  eler  Ironies  that  couple  the  proton  proportional  counters  (the  detectors  for  the  neutron 
spectrometer)  through  the  AlX.'s  (analog-to-digital  converters)  to  the  minicomputer  were  arranged  as 
shown  in  figure  3.  The  signals  from  the  proton-recoil  counters  were  amplified  to  give  a total  amplitude 
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Figure  3.  Electronics  with  analog  voltage  division. 

pulse  in  one  ADC.  Sucti  pulses  are  proportional  to  the  energies  of  the  recoiling  protons.  Simultaneous  with 
this  energy  measurement,  the  timing-filter  amplifier  differentiates  and  amplifies  the  signals  to  give  the  rate 
of  rise.  These  signals  (energy  and  rate  of  rise)  are  fed  in  coincidence  into  the  Y/X  analog-voltage  divider  to 
produce  the  input  to  the  second  ADC,  which  forms  the  specific  ionization  axis  of  the  dual-parameter  array. 

Since  the  ADC's  and  memory  units  are  under  control  of  a minicomputer,  it  is  possible  to  have  the 
alternative  arrangement  shown  in  figure  4.  The  total  amplitude  (energy)  signal  is  the  same  as  before,  but 
since  the  Y / X division  is  now  done  digitally  within  the  minicomputer,  the  second  ADC  accepts  rate-of-rise 
information  directly. 


Figure  4.  Electronics  with  digital  voltage  division. 

6.  PROGRAM  MODIFICATIONS 

6 . 1 Description  of  Program 

The  digital  divide  program  is  listed  in  appendix  A.  It  is  written  in  assembly  language’  for  the 
ND81 2 computer  and  is  in  the  form  of  an  overlay  for  the  ND-1 075-01,  which  is  the  dual-parameter  data- 
acquisition  program.’ 


* Nuclear  Data  Incorptiraled,  Software  Instruc  tion  Manual.  BASC  l 2 General  Assembler,  Palatine,  IL  (19621. 

' Nuclear  Data  Incorporatecj,  Software  Instruction  Manual,  NO4420  Single/ Dual  Parameter  Monitor.  Palatine,  IL  (1 972). 
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Ihe  M)  U)7S  ()t  h.is  a spot  lal  suhroutinc  which  handles  data  cominn  Irom  tin-  MX  s 
NormalK,  this  suhroulint*  polls  tho  ADC  's  to  collect  X and  Y input  anc)  then  me  remc-nts  thc‘  appropriate 
point  in  memor\  I hc'  cji^ital  divide  mociilit  ation  IcMves  the  X in()ut  unc  handed,  but  inoditic's  thc‘  V input  b\ 
dividing  It  bv  X Then  the  appropriate  point  in  memorv  is  me  rementc'd.  All  the  other  routines  ot  \D  I07S 
01  are  unattected,  with  the  evception  ol  the  auto-expi>rmic'nt  routines  These  routine's  are  c hange-d  onl\ 
bee  ause  the  overlay  had  to  Ire  put  somewhere  m memorv  and  the  auto  experimc'iit  routines  arc*  rarely  used 
tor  proton-rec  oil  data  acquisition.  It  one  had  to  use  these  routines,  the  overlay  would  have  to  be*  movi*d  to 
an  unused  portion  ot  memory 

().2  £\pljn,ition  o!  Subroutine-^ 

The  digital  divieJe  overlay  consists  ot  four  subroutines:  RSSAV,  RSRtS,  NtVV  1 , and  \f  WJ  1 he 
subroutine  RSSAV  modifies  the  A(X!  handling  routine  to  save  the  R and  S registers  so  that  thc*se  rc*gistc*rs 
may  be  used  by  the  other  portions  of  the  ND-107S-01  RSRfS  rc*stores  the*  R and  S rc*gistc*rs  to 
yyhateyer  their  original  contents  were  before  the  ADC  interru()t  occ  urrc*d.  This  is  nc*c  t*ssarv  l)c*c  ausc*  the*  R 
and  S rc'gisters  have  meaning  to  portions  of  the  I07.S  program  external  to  the  ADC  routines,  location 
FIRST  also  has  to  be  savc*d  and  restored  because  the  location  of  the  pate  hc*s  eliminates  the*  mstruc  tion  that 
normallv  does  this. 

The  routine  NEVVl  stores  the  results  of  the  X-ADC  fcjr  future*  reference*  The  routine  NEWT 
takes  the  results  of  the  Y ADC,  multiplies  bv  a scale  factor  EMP,  divicies  bv  the  X-ADC  re>sults,  and  then 
returns  control  to  the  ND-I07.S-0I  program  yvith  the  results  in  the  K re*gister  The  \D-U)7S-01  use's  the* 
re'sults  in  the  K register  as  the  Y input  and  increments  the  appropriate  location  m me*mory 

f)  f Lise  ot  Proiirum 

First,  the  \D-I07S-01  program  is  loade'd  into  fields  00  and  01  of  the  SD81  J computer  A 
binary  version  of  fhe*  digifal  divide  program  is  overlaid  on  top  of  fhis  in  field  00  by  the  paper-tape*  loader 
The*  multiplic  ation  factor  FMP  ilocation  '507,  field  00)  may  be  varied  to  move  the*  Y /X  result  to  the*  le*tt  or 
right  on  an  osc  illoscope  display  . 

0 4 ('oiT-fr, lints  on  Method 


Precautions  must  be  taken  with  digital  division  bc'cause  ot  the  si/e  of  the  rate-ot-rise*  ()ulse*s 
coming  into  ADC  no.  1.  With  analog  division,  these  pulses  consisted  of  pulse  height  dividc'd  by  rise*  time* 
and  we*re  mde*pe*ndent  of  pulse  height.  Therefore,  the  gain  of  the  timing  filter  amplifier  could  be*  se*t  to  give* 
ade*quate*  resolution  at  one  e>ni*rgy  and  it  was  automatically  adequate  at  all  energies. 

In  the  digital  efivision  arrangement,  the  pulses  coming  into  ADC  no.  J are  proportional  to 
e*ne*rgy  One*  may  se>t  the*  timing  filter  amplifier  to  give  ade*quate  rese)lution  in  the  middle  ot  the  ene'rgv 
range*,  but  there*  are*  still  problems  at  the  extreme  lerw  and  high  ends  of  the  energy  range. 


First.  conside*r  the*  low  end  of  the  energy  range.  The  in|)ut  to  ADC  no.  1 cetnsists  ot  small 
voltage  pulses,  w hic  h are  digitized  to  only  a few  significant  figures.  This  causes  a loss  of  ac  curac  v in  the*  rise 
time*,  making  the*  se'paration  of  gamma  rays  more  difficult.  Fortunately,  sufficient  accuracy  may  be 
ac  hic've'd  in  the*  cligit.tl  te*c  hnic|ue*  by  incre'asing  the  resolution  of  .ADC  no.  1 from  TSb  divisions  lull  scale, 
whic  h w.ts  ade*c|uate  with  the*  analog  division  arrangement,  to  4048 , 
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Nf\t,  c onsidiT  iho  hi>>h  ond  of  the  ('tiergy  range  The  input  pulses  to  Al)(  no.  2 grow  larger 
with  t'riergv  and  nia\  e\i  eed  the  masinuini  signal  i apac  itv  of  the  AIX'.  If  this  ot  t urs,  data  will  he  lost  I his 
data  loss  mav  he  avoided  h\  keeping  theg.iin  of  the  timing  filter  amplifier  suffit  ientiv  low 

Ihe  operator  must  rerruTnlxT  to  set  the  r<‘solulion  ot  AIX'  no.  2 to  40‘)(>.  Since  the  overlay 
autom.ttii  alK  interai  ts  w ith  the  \l ) 1 07S-0 1 , no  turthc'r  at  tion  on  the  part  of  th<“  ofrerator  is  net  essary. 


7.  St.'MMAK'i 

An  .issemhU  language  t om()uter  progr.tm  has  been  written  w hith  .illows  the  elettronit  analog 
divider  to  he  eliminated  trom  the  111)1  (iroton  ret  oil  s()ei  trtist  opv  system  Ihis  has  the  aifvantage  of 
simplify  mg  the  t>lt‘t  tronit  s antf  gre.itly  retlut  ing  the  time  net  essary  to  st>t  u|)  the  systt'm  In  order  to  usi*  tht> 
(irogram,  the  rt'solution  ot  M )(  no  2 it  he  rise  time  \l )(  ) h,is  to  he  ini  reased  to  div  isions  and  t are 
must  he  t.tken  to  see  th.it  the  rise  time  sign.il  tioes  not  grow  beyond  the  t .ip.it  ity  ot  Al)(  no.  J before  the 
ent'rgy  sign.il  grows  lieyond  the  t .ip.it  itv  ot  its  A|  M 
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APPENDIX  A DIC.ITAl  DIVIDE  PR()(,KAM 


This  digital  divide  program  is  written  in  assernhlv  languag*-'  lor  the  ND8 1 2 computer.  It  is  in  the  form 
of  an  overlay  for  the  ND-107S-01 , svhit  h is  the  dual  (raiameter  data-acquisition  program / 
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